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ABSTRACT 
 
Corona discharge is responsible for the flux of small ions from overhead power lines, 
and is capable of modifying the ambient electrical environment, such as the air ion 
concentrations at ground level. Once produced, small ions quickly attach to aerosol 
particles in the air, producing ‘large ions’, approximately 1 nm to 1 µm in diameter. 
However, very few studies have measured air ion concentrations directly near high 
voltage transmission lines. The present study involved the simultaneously 
measurement of small ion concentration and net large ion concentration using air ion 
counters and an aerosol electrometer at four power line sites. 
 
Both positive and negative small ion concentration (<1.6nm), net large ion 
concentration (2nm-5μm) and particle number concentration (10nm-2μm) were 
measured using air ion counters and an aerosol electrometer at four power line sites. 
Measurements at sites 1 and 2 were conducted at both upwind and downwind sides. 
The results showed that total ion concentrations on the downwind side were 3-5 
times higher than on the upwind side, while particle number concentrations did not 
show a significant difference. This result also shows that a large number of ions were 
emitted from the power lines at sites 1 and 2.  
 
Furthermore, both positive and negative ions were observed at different power line 
sites. Dominant positive ions were observed at site 1, with a concentration of 4.4 x 
103 ions cm-3, which was 10 times higher than on the upwind side. Contrary to site 1, 
sites 2 to 4 showed negative ion emissions, with concentrations of -1.2 x 103, -
460 and -410 ions cm-3, respectively. These values were higher than the background 
urban negative ion concentration of 400 cm-3. At site 1 and site 2, the net ion 
concentration and net particle charge concentration on downwind side of the lines 
showed same polarities. Further investigations were also conducted into the 
correlation between net ion concentration and net charge particle concentration 20 m 
downwind of the power lines at site 2. The two parameters showed a correlation 
coefficient of 0.72, indicating that a substantial number of ions could attach to 
particles and affect the particle charge status within a short distance from the source.  
 
Keywords: Corona ions, charged aerosols, power line. 
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1.  INTRODUCTION 
 
 
Small ions in the atmosphere are commonly produced by the interaction of cosmic 
rays with air molecules, as well as the presence of trace radioactive isotopes in the 
natural environment. These ions are usually found in the form of molecular clusters 
smaller than about 1 nm in size, bound together by charge (Iribarne and Cho, 1980). 
Air ions are also produced by anthropogenic sources, such as high voltage power 
lines, motor vehicle exhaust and air conditioning systems. Corona discharge is 
responsible for the flux of small ions from overhead power lines, and is capable of 
modifying the ambient electrical environment, such as the air ion concentrations at 
ground level. Once produced, small ions can quickly attach to aerosol particles in the 
air, producing ‘large ions’, approximately 1 nm to 1 µm in diameter. 
 
Health effects of corona charged aerosols near high voltage power lines have been 
hypothesised by Fews et al. (1999). Cohen (1998) reported that the deposition of 
singly-charged particles was five to six times higher than that of neutralized aerosols.  
 
Carter and Johnson (1988) measured air ion concentrations near a 500 kV dc test 
line and found small ion concentrations up to 1.5 x 105 cm-3 and large ion 
concentrations in the order of a few tens of thousands of particles per cubic 
centimetre. Fews et al. (1999) inferred significant negative charges under 132 and 
400 kV power lines in UK using a dc field mill meter. Furthermore, net concentrations 
of small ions at 41 sites were reported by Jayaratne et al. (2008). The study showed 
the existence of both positive and negative small ions, mostly positive, with the net 
concentration varying widely from 0 to 3.3 x 103 ions cm-3.  
 
However, to date, few studies have been conducted to measure both polarity of ions 
and charged particle concentrations in the vicinity of power lines. In order to develop 
a better understanding of the impact of the corona ions discharged from high voltage 
power line, the present study was conducted to measure both positive and negative 
small ion concentrations, net large ion concentration and particle number 
concentration using two air ion counters, an aerosol electrometer and a condensation 
particle counter, respectively, at several power line sites. 
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2. Methods 
  
2.1 Study area 
 
In carrying out this study, four high voltage power line sites were chosen within a 
radius of about 50 km from the centre of a large urban area in Australia. Site 1 
contained three sets of parallel power lines - two sets of lines carried transmission 
voltage with a voltage between 220 kV and 330 kV, one set carried sub-transmission 
voltage between 110 kV and 132 kV. Sites 2 to 4 each had one set of power lines - 
site 2 carried transmission voltage, while sites 3 and 4 carried sub-transmission 
voltage. These four sites were located in either parkland or corridors of cleared bush 
land. Based on the geographic conditions, measurements at both upwind and 
downwind locations were conducted at site 1 and 2. All measurements at the four 
sites were carried out on different days, under similar meteorological conditions (fine 
weather and with the wind blowing in a normal direction to the power lines). 
 
2.2 Instrumentation 
 
Small ion concentrations were measured with two Alphalab air ion counters. This 
instrument has a dynamic range of 10 – 106 ions cm-3, with a minimum detectable 
charge concentration of 10 ions cm-3. The minimum characterizable mobility of the 
unit is 0.5 cm2·V-1·s-1, which corresponds to a detectable maximum ion size of        
1.6 nm. Nominal response time is about 1 s. The instrument has the capability of 
monitoring negative and positive ions separately, but not simultaneously. Hence, two 
instruments were used to measure both positive and negative small ion 
concentrations separately at each measurement location.  
 
A TSI 3068 aerosol electrometer (AE) was used to measure net large ion 
concentration. This instrument draws ambient air through a particle filter and 
determines the net charge present on aerosol particles in the size range 2 nm to       
5 μm. Small ions, which are generally smaller than about 1.6 nm, are not detected by 
the aerosol electrometer. 
 
Ultrafine particle number concentration was monitored using a TSI-3782 water-based 
condensation particle counter (CPC) that measures particles down to a size of 10 nm 
in number concentrations up to 5 x 104 cm-3.  
 
Meteorological parameters, such as wind speed, wind direction, temperature and 
relative humidity, were monitored continuously. All data were logged at 1 s intervals 
on a laptop computer. 
 
2.3 Measurement techniques 
 
The two air ion counters, CPC and AE were place on a foldable platform, at a height 
of 0.5 m above the ground. The AE vacuum pump and power generator were placed 
5 m downwind of the measurement table. From when the instruments were switched 
on, the time taken to achieve a steady reading was typically about 1 min. The CPC 
was operated in conjunction with TSI’s aerosol instrument manager software, while 
all four instruments were operated with analogue outputs which could be digitised 
and fed into a portable computer, in order to log the data in real time. 
 
Measurements were taken 20 m from the power lines. Each set of measurements at 
each location varied between 15 and 20 minutes in duration. 
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3.   Results and discussion 
 
3.1 Site 1 
 
Measurements were carried out both 20 m upwind and downwind of the power lines. 
Figure 1 shows real time concentrations of both positive and negative small ions and 
net charge particles for both sides. The total ions and median net charge particle 
concentrations on downwind side were 4.7 x 103 cm-3 (positive ions 4.4 x 103 cm-3 
and negative ions 230 cm-3) and 1.3 x 103 cm-3, respectively. In comparison, the total 
ions and median net charge particle concentrations on upwind side were only 890 
cm-3 and -230 cm-3, respectively. However, the total particle concentration readings 
were similar, at approximately 2.5 x 104 particles cm-3. This indicates that the power 
lines were a strong corona source.  
 
The positive ions showed large fluctuations on the downwind side, while the negative 
ions were stable on both sides. As shown in Figure 1, the positive ion concentration 
on the downwind side was nearly 10 times higher than on the upwind side, which 
indicates that the power lines at site 1 generated net positive ions. 
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Figure 1: Median positive and negative small ion concentrations and net charge 
particle (large ion) concentration at power line site 1.  
 
 
3.2 Site 2, 3 and 4 
 
In contrast to site 1, these three sites showed dominant negative ion emissions. At 
site 2, the total ion concentration on the downwind side was significantly higher than 
on the upwind side, with a median value of 1.5 x 103 cm-3 on the downwind side and 
590 cm-3 on the upwind side, which was only slightly above the background ion level. 
The charged particle concentration showed the value of -3.3 x 103 cm-3 on the 
downwind side and -170 cm-3 on the upwind side. There was no difference in total 
particle concentration between upwind and downwind sides, being around 5.0 x 103 
particles cm-3.  
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Despite the slight difference in positive ion concentration on both sides of the power 
lines, the negative ion concentration on the downwind side was approximately 4 
times higher than on the upwind side. 
 
 
Figure 2: Median positive and negative small ion concentrations and net charge 
particle (large ion) concentration at power line sites 2, 3 and 4. 
 
Due to the geographic limitations at sites 3 and 4, upwind measurements were not 
conducted. As shown in Figure 2, the total ion concentrations were not significantly 
different from the background, however, negative ion concentrations were still higher 
than the background level (400 cm-3) and they were 6 to 7 times higher than the 
positive ion concentrations observed at both sites.  
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Figure 3: Ten second running averages of the net particle charge concentration 
plotted against the net air ion concentration at site 2. 
230
70 50
270
-1240
-460
-410-360
-100
-170 -160
-330
-1400
-1200
-1000
-800
-600
-400
-200
0
200
400
1 2 3 4
Ai
r I
on
/N
et
 C
ha
rg
e 
Pa
rti
cl
e 
C
on
ce
nt
ra
tio
n 
(c
m-3
)
AIC+ AIC- AE
Upwind Downwind 
Site 2 Site 2 Site 4 Site 3 
 6 
It is commonly known that background concentrations of positive and negative ions 
outdoors are nearly equal. Hence, these results indicate that the corona discharge 
from the power lines also emitted negative ions at sites 3 and 4. 
 
Figure 3 shows the results of further investigations into the correlation between net 
ion concentration and net charge particle concentration 20 m downwind of the power 
lines at site 2. This figure shows the significant relationship between net charge 
particle concentration and net ion concentration, with a correlation coefficient of 0.72, 
suggesting that the lines emit negative ions and that the particles acquire their 
charge from these ions. From the results it is clear that a substantial number of ions 
attach to particles and change the particle charge status within 20 m of the source.  
 
 
4. CONCLUSIONS 
 
In consistence with the study by Jayaratne et al. (2008), both positive and negative 
ions were observed at different power line sites. Dominant positive ions were 
observed on the downwind side at site 1, with an average concentration of 4.4 x 103 
ions cm-3, which was 10 times higher than on the upwind side. In contrast to site 1, 
sites 2 to 4 showed negative ion emissions, with concentrations of -1.2 x 103,             
-460, and -410 ions cm-3, respectively. These values were higher than the urban 
negative ion background concentration level of approximately 400 cm-3. At site 1, the 
net ion concentration and net particle charge concentration were 100 and -230 ions 
cm-3 upwind of the lines and 3.9 x 103 and 1.3 x 103 cm-3 downwind of the lines, 
respectively. The corresponding values at site 2 were -130 and -970 ions cm-3 
upwind and -170 and -330 cm-3 downwind, respectively. Further investigations into 
the correlation between net ion concentration and net charge particle concentration 
20 m downwind of the power line at site 2 showed a correlation coefficient of 0.72, 
indicating that a substantial number of ions could attach to particles and change the 
particle charge status within a short distance from the source.  
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